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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the control constant 
adjusting device which can minimize the frequency of 
implementation of a system identifying test. 
SOLUTION: This control constant controller is equipped with an 
input/output data gathering means 3 which gathers manipulated 
variables and controlled variables, a control performance 
decision means 5 which decides the control performance of a 
feedback system, a control specification indicating means 6 
which gives the control specifications of the feedback system, a 
model generating means 7 which generates a transfer function 
model, and a control constant determining means 9 which 
calculates a control constant. The control performance decision 
means 5 decides whether or not the precision of the transfer 
function model meets a specific reference value, and indicates 
the restructuring of the transfer function model to the model 
generating means 7 when it is judged that the reference value is 
not met and indicates the variation of the control constant to 
the control constant determining means 9 when it is judged that 
the reference value is met. 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the controlled parameter adjusting device for adjusting the controlled parameter of the 
control unit of a feedback system A I / O data collection means to collect the control inputs and 
controlled variables which are I/O of a controlled system, A controllability ability judging means to judge 
the controllability ability of said feedback system based on said controlled variable collected by said I / 

0 data collection means, and said control input, A control specification directions means to give the 
control specification of said feedback system, It has a model creation means to create the transfer 
function model of said controlled system, and a controlled parameter decision means to calculate the 
controlled parameter of said control unit. Said controllability ability judging means When the 
controllability ability of said feedback system does not fulfill said control specification, It judges whether 
the precision of said transfer function model fulfills the predetermined reference value. When it is judged 
that said predetermined reference value is not fulfilled, reconstruction of said transfer function model is 
directed to said model creation means. Until it directs to change said controlled parameter to said 
controlled parameter decision means and the controllability ability of said feedback system comes to 
fulfill said control specification on the other hand, when it is judged that said predetermined reference 
value is fulfilled The controlled parameter adjusting device characterized by repeating precision 
evaluation of said transfer function model, reconstruction of said transfer function model, or modification 
of said controlled parameter, and performing it. 

[Claim 2] The controlled parameter adjusting device according to claim 1 characterized by having further 
a controlled-system monitor means to display the trend data of said controlled variable and said control 
input. 

[Claim 3] Said controlled-system monitor means is a controlled parameter adjusting device according to 
claim 2 characterized by having the trend data display section which displays the trend data of said 
controlled variable and said control input, the controllability ability display which displays the 
controllability ability of said feedback system, the switch section which makes start or stops adjustment 
of said controlled parameter, and the adjustment mode display which displays the current ac(justment 
mode under adjustment of said controlled parameter. 

[Claim 4] Said controllability ability judging means is a controlled parameter adjusting device given in any 

1 term of claim 1 characterized by having a model precision judging means to measure the controlled- 
variable calculated value computed by said transfer function model, and said controlled variable obtained 
as an output of said controlled system, and to judge the precision of said transfer function model 
thru/or claim 3. 

[Claim 5] An identification condition decision means to determine the identification conditions of the 
identification signal added to said controlled system in order that said model creation means may create 
said transfer function model, An identification signal generation means to generate said identification 
signal, and an identification signal impression means to add said identification signal generated in this 
identification signal generation means to said controlled system, Said controlled variables and said 
control inputs when adding said identification signal to said controlled system with this identification 
signal impression means are collected. An identification data collection processing means to perform 
suitable filtering processing to said collected controlled variable and said control input, and to create 
identification data, A model structure determination means to determine a model parameter required in 
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order to determine said transfer function model of said controlled system based on said identification 
data, A controlled parameter adjusting device given in any 1 term of claim 1 characterized by having a 
transfer-function-model presumption means to determine said transfer function model based on said 
model parameter thru/or claim 4. 

[Claim 6] It is a controlled parameter adjusting device given in any 1 term of claim 1 which has further 
the model database which saves said transfer function model determined by said model creation means, 
and is characterized by using for said controllability ability judging means said not only newest transfer 
function model but said transfer function model of the past saved in said model database, and evaluating 
the precision of said transfer function model thru/or claim 5. 

[Claim 7] A design-parameter decision means to determine the value of a design parameter required in 
order that said controlled parameter decision means may calculate said new controlled parameter, A 
controlled parameter count means to ask for said controlled parameter using said design parameter, A 
controlled parameter rate-of-change count means to judge whether the rate of change between the 
controlled parameter called for last time and the controlled parameter called for this time is calculated, 
and said rate of change is within the limits of predetermined, A preparation, When it judges that said rate 
of change is out of range [ predetermined / said ] with said controlled parameter rate-ol^change count 
means, with said design-parameter decision means A controlled parameter adjusting device given in any 
1 term of claim 1 characterized by changing said design parameter and asking for a predetermined 
controlled parameter thru/or claim 6. 

[Claim 8] It has further the controlled parameter database which saves said controlled parameter 
applied to said control device in the past. In spite of having applied said new controlled parameter 
determined with said controlled parameter decision means to said control device, when the 
controllability ability of said feedback system does not fulfill said control specification A controlled 
parameter adjusting device given in any 1 term of claim 1 characterized by applying said controlled 
parameter of the past saved in said controlled parameter database to said control unit thru/or claim 7. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] , 
[0001] 

[Field of the Invention] This invention relates to the controlled parameter adjusting device of the 
reiterative type for adjusting the controlled parameter of the control unit in a feedback system. 
[0002] 

[Description of the Prior Art] Drawin g 8 shows the outline configuration of the feedback system 
currently used as a control system of various industrial plants. In case the controlled variable of a 
controlled system 1 is controlled to desired value r in this feedback system, a control input u is 
outputted from a control unit 2 to a controlled system 1, and the controlled variable y which is the 
output of the control unit 2 to this control input u is measured. And the measured controlled variable y 
is fed back and the new control input u is again outputted from a control unit 2 to a controlled system 1 
as compared with desired value r. 

[0003] The controlled parameter of the control unit in a feedback system is beforehand determined as 
the optimal value, in order to operate a plant the optimal. However, it may deviate from the optimal 
operational status by property change of a plant. Therefore, when an operating staff monitors the 
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operational status of a plant continuously and deviates from the optimal operational status, it is 
necessary to readjust a controlled parameter. In readjustment of this controlled parameter, the approach 
an operating staff changes a controlled parameter manually, or the method of changing a controlled 
parameter using an auto tuning tool is taken. 

[0004] The conventional auto tuning tool changes a controlled parameter with procedure as shown in 
drawin g 9 . First, when generating an identification signal with identification condition decision equipment 
90, the class of required signal etc. is determined. Next, based on the conditions determined with 
identification condition decision equipment 90, an actual identification signal is calculated by 
identification signal generation equipment 91, and an identification signal is impressed to the applied 
place specified by identification signal impression equipment 92. And the time series data y and u of the 
controlled variable y of the controlled system 1 while the identification signal is impressed, and a control 
input u are collected with identification data collection and processing equipment 93. Next, model 
structure determination equipment 94 determines parameters, such as structure of a transfer function 
model. Transfer-function-model presumption equipment 95 determines a transfer function model using 
the parameter and time series data y and u which were determined with model structure determination 
equipment 94, such as model structure. Next, design-parameter decision equipment 96 determines a 
design parameter, and controlled parameter decision equipment 97 determines a new controlled 
parameter. And it is the conventional auto tuning technique to repeat the above-mentioned procedure 
and to perform it until it observes the operational status of a plant with the application of a new 
controlled parameter to a control unit and the optimal operational status is acquired. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the system identification trial carried out in 
the conventional auto tuning tool mentioned above is what adds the disturbance signal called an 
identification signal to a controlled system, it has the problem of having a bad influence on plant 
operation and causing degradation of the product quality currently produced etc. And in the 
conventional auto tuning tool, since a system identification trial is performed at every acjjustment, by the 
time the optimal controlled parameter can be found, it is necessary to perform many identification trials. 
Moreover, although the optimal controlled parameter is designed by the conventional technique based on 
the obtained transfer function model, between a transfer function model and a controlled system, a gap 
surely exists in fact. Therefore, the response when applying the controlled parameter for which it asked 
to a control device differs from the response which used and predicted the transfer function model in 
advance greatly, and may make a feedback system unstable depending on the case. 
[0006] Then, this invention cancels the various troubles mentioned above, and aims at offering the 
controlled parameter adjusting device which can stop the count of operation of a system identification 
trial to the minimum. 
[0007] 

[Means for Solving the Problem] The controlled parameter adjusting device by invention according to 
claim 1 In the controlled parameter adjusting device for adjusting the controlled parameter of the control 
unit of a feedback system A I / O data collection means to collect the control inputs and controlled 
variables which are I/O of a controlled system, A controllability ability judging means to judge the 
controllability ability of said feedback system based on said controlled variable collected by said I / O 
data collection means, and said control input, A control specification directions means to give the 
control specification of said feedback system, It has a model creation means to create the transfer 
function model of said controlled system, and a controlled parameter decision means to calculate the 
controlled parameter of said control unit. Said controllability ability judging means When the 
controllability ability of said feedback system does not fulfill said control specification, It judges whether 
the precision of said transfer function model fulfills the predetermined reference value. When it is judged 
that said predetermined reference value is not fulfilled, reconstruction of said transfer function model is 
directed to said model creation means. Until it directs to change said controlled parameter to said 
controlled parameter decision means and the controllability ability of said feedback system comes to 
fulfill said control specification on the other hand, when it is judged that said predetermined reference 
value is fulfilled It is characterized by repeating precision evaluation of said transfer function model, 
reconstruction of said transfer function model, or modification of said controlled parameter, and 
performing it. 

[0008] The controlled parameter adjusting device by invention according to claim 2 is characterized by 
having further a controlled-system monitor means to display the trend data of said controlled variable 
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and said control input. 

[0009] The controlled parameter adjusting device by invention according to claim 3 is characterized by 
to equip said controlled-system monitor means with the trend data display section which displays the 
trend data of said controlled variable and said control input, the controllability ability display which 
displays the controllability ability of said feedback system, the switch section which makes start or 
stops adjustment of said controlled parameter, and the adjustment mode display which displays the 
current adjustment mode under adjustment of said controlled parameter. 

[0010] The controlled parameter adjusting device by invention according to claim 4 is characterized by 
having a model precision judging means for said controllability ability judging means to measure the 
controlled-variable calculated value computed by said transfer function model, and said controlled 
variable obtained as an output of said controlled system, and to judge the precision of said transfer 
function model. 

[0011] The controlled parameter adjusting device by invention according to claim 5 An identification 
condition decision means to determine the identification conditions of the identification signal added to 
said controlled system in order that said model creation means may create said transfer function model, 
An identification signal generation means to generate said identification signal, and an identification 
signal impression means to add said identification signal generated in this identification signal generation 
means to said controlled system, Said controlled variables and said control inputs when adding said 
identification signal to said controlled system with this identification signal impression means are 
collected. An identification data collection processing means to perform suitable filtering processing to 
said collected controlled variable and said control input, and to create identification data, It is 
characterized by having a model structure determination means to determine a model parameter 
required in order to determine said transfer function model of said controlled system based on said 
identification data, and a transfer-function-model presumption means to determine said transfer 
function model based on said model parameter. 

[0012] The controlled parameter adjusting device by invention according to claim 6 has further the 
model database which saves said transfer function model determined by said model creation means, and 
said controllability ability judging means is characterized by using said not only newest transfer function 
model but said transfer function model of the past saved in said model database, and evaluating the 
precision of said transfer function model. 

[0013] The controlled parameter adjusting device by invention according to claim 7 A design-parameter 
decision means to determine the value of a design parameter required in order that said controlled 
parameter decision means may calculate said new controlled parameter, A controlled parameter count 
means to ask for said controlled parameter using said design parameter, A controlled parameter rate- 
of-change count means to judge whether the rate of change between the controlled parameter called 
for last time and the controlled parameter called for this time is calculated, and said rate of change is 
within the limits of predetermined, When it judges that said rate of change is out of range 
[ predetermined / said ] with a preparation and said controlled parameter rate-of-change count means, 
it is characterized by changing said design parameter and asking for a predetermined controlled 
parameter with said design-parameter decision means. 

[0014] The controlled parameter adjusting device by invention according to claim 8 has further the 
controlled parameter database which saves said controlled parameter applied to said control device in 
the past, and in spite of having applied said new controlled parameter determined with said controlled 
parameter decision means to said control device, when the controllability ability of said feedback system 
does not fulfill said control specification, it is characterized by applying said controlled parameter of the 
past saved in said controlled parameter database to said control device. 
[0015] 

[Embodiment of the Invention] Hereafter, the controlled parameter adjusting device of the reiterative 
type by the operation gestalt of this invention is explained with reference to drawin g 1 thru/or drawin g 
6 . Drawin g 1 shows the outline configuration of the controlled parameter adjusting device by this 
operation gestalt, and the control unit 2 for controlling this controlled system 1 is connected to the 
controlled system 1. Moreover, in drawin g 1 , Sign r shows the desired value of a controlled system 1, 
Sign y shows the controlled variable which is the output of a controlled system 1, and Sign u shows the 
control input which is the output of a control unit 2. Such desired value r, a controlled variable y, and a 
control input u are sent to I / O data collection equipment 3 through a signal line, and for every 
observation period of a certain, time series data are inputted and they are saved. The data saved to I / 
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O data collection equipment 3 are sent to controllability ability judging equipment 5 while they are 
inputted into controlled-system supervisory equipment 4 for every observation period. 
[0016] Controllability ability judging equipment 5 judges whether based on the control specification given 
from each observation data (I/O data) sent from I / O data collection equipment 3, and the control 
specification designating device 6, the controllability ability of a feedback system fulfills control 
specification. Furthermore, controllability ability judging equipment 5 judges whether the precision of the 
transfer function model used now fulfills the predetermined reference value, when the controllability 
ability of a feedback system does not fulfill control specification. And when the precision of a transfer 
function model judges that the predetermined reference value is not fulfilled, reconstruction of a 
transfer function model is directed to the model listing device 7, and it directs to change a controlled 
parameter to controlled parameter decision equipment 9, without reconstructing a transfer function 
model, when it is judged on the other hand that the precision of a transfer function model fulfills the 
predetermined reference value. 

[0017] Moreover, the transfer function model obtained by the model listing device 7 is saved in the 
model database 8, and the controlled parameter obtained with controlled parameter decision equipment 
9 is saved in the controlled parameter database 10. 

[0018] Drawin g 2 (a) and (b) show an example of the screen of the display monitor 1 1 of controlled- 
system supervisory equipment 4, (a) shows the case where the control state of a control system is 
good, and (b) shows the case where the control state of a control system is not good. And the amount 
of each inputted into controlled-system supervisory equipment 4, such as a controlled variable and a 
control input, is displayed on trend data display window 1 1 d of the display monitor 11. Furthermore, the 
display monitor 1 1 of controlled-system supervisory equipment 4 has controllability ability viewing- 
window 11a, adjustment initiation / termination carbon button 11b, and adjustment mode viewing- 
window 11c. The present controllability ability obtained from the controllability ability judging equipment 
5 shown in drawin g 1 is graphically displayed on controllability ability viewing-window 11a, and the 
message of an or [ the control state of a control system is good or (refer to drawin g 2 (a)) ac(justment is 
required (refer to drawin g 2 (b)) ] is displayed on it. When adjustment is required, while indicating the 
message by flashing, an alarm is sounded and it tells being adjusted to an operating staff. And when it is 
judged that an operating staff adjusts a controlled parameter, adjustment is started by pushing the 
initiation carbon button of an adjustment initiation carbon button / termination carbon button 11b. In 
addition, adjustment can be stopped by pushing a termination carbon button to stop adjustment on the 
way. Moreover, it is "supervision mode" of only only displaying the trend data of a controlled variable y 
and a control input u, or (refer to drawin g 2 (a)) is in "adjustment mode" in which the controlled 
parameter is adjusted, or (refer to drawin g 2 (b)) a message indicator is carried out to ac|justment mode 
viewing-window 1 1c. Furthermore, in the case of adjustment mode, "the inside of model creation", and 
when model creation is being performed to adjustment mode viewing-window 11c, and the controlled 
parameter is determined again, a message is displayed "under controlled parameter decision", and it is 
made for an operating staff to know of which phase in adjustment mode processing is performed now. 
[0019] Drawin g 3 shows the outline configuration of controllability ability judging equipment 5, and this 
controllability ability judging equipment 5 is equipped with control state judging equipment 30. The 
control specification given with each observation data (I/O data) sent from I / O data collection 
equipment 3 and the control specification designating device 6 is inputted into this control state judging 
equipment 30. Here, control specification is given by time amount until the effect is removed etc., when 
the settling time and disturbance until it reaches desired value when the desired value of a controlled 
variable is changed are added. Furthermore, control specification is given with a value with a certain 
width of face, and control is judged to be carried out good while being in this width of face. 
[0020] Control state judging equipment 30 judges how many control specification the present feedback 
loop system fulfills based on each observation data (I/O data) and control specification, and displays it 
on the display monitor 1 1 of the controlled-system supervisory equipment 4 which showed the result to 
d rawin g 2 . And when it deviates from control specification greatly, an operating staff is told about that 
by the display on the display monitor 1 1, or the alarm, and he is urged to start adjustment of a 
controlled parameter. And when an operating staff directs adjustment of a controlled parameter, the 
following procedures adjust a controlled parameter. 

[0021] First, it judges whether delivery and this transfer function model fully express the response of 
the present controlled system 1 with the model precision judging equipment 31 which showed the 
transfer function model (controlled-system model) of the controlled system 1 saved in the model 
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database 8 to drawin g 3 . Specifically, model precision multiplier **G is calculated with model precision 
multiplier count equipment 40 using the controlled parameter of the I / O data of a controlled system 1, 
and the current control device 2, and the transfer function model of a controlled system 1. The 
difference of the output response of the controlled system 1 when applying the same input and the 
transient response of an output response of a transfer function model, a difference with the frequency 
response obtained from frequency analysis, etc. can be used for count of this **G. For example, when 
the output response (controlled-variable calculated value) when applying the input (control input) u of a 
controlled system 1 to transfer-function-model M is made into y' using the model precision judging 
equipment 31 shown in drawing 4 , square norm **G=|F(y-y') |2 of the difference of this output response 
y r and controlled variable y are calculated. Here, F is a suitable data filter and, generally a low pass filter 
is used. 

[0022] And a controlled parameter is adjusted using this transfer function model, without judging with 
the precision of a transfer function model being enough, and performing a system identification trial and 
reconstruction of a transfer function model, if the maximum allowed value of square norm **G is set to 
**Gmax, and it becomes **G<=**Gmax as shown in drawing 3 . On the other hand, the transfer function 
model which fills **G<=**Gmax is reconstructed by the model listing device 7 noting that the precision 
of a transfer function model is inadequate, when set to **G>**Gmax. 

[0023] Drawing 5 shows the outline configuration of the model listing device 7, and first, when generating 
an identification signal with identification condition decision equipment 50, it determines the class of 
required signal, the magnitude of a signal, the impression time amount of a signal, an applied place, etc. 
There are a step-like signal, a square wave-like signal, an M sequence signal, a random signal, etc. in the 
class of signal. Moreover, the applied place of a signal has a control input u, desired value r, etc. of a 
controlled system 1. Next, based on the conditions determined with identification condition decision 
equipment 50, an actual identification signal is calculated by identification signal generation equipment 
51, and an identification signal is impressed to the applied place specified by identification signal 
impression equipment 52. 

[0024] And with identification data collection processing equipment 53, the time series data y and u of 
the controlled variable y of the controlled system 1 while the identification signal is impressed, and a 
control input u are collected, and filtering processing is performed using the pretreatment filter Fd to 
the collected data. This pretreatment filter Fd can use a low pass filter with a passband comparable as 
the data filter F which is a suitable data filter, for example, was used by model precision evaluation. The 
time series data of the controlled variable y after performing filtering processing, and a control input u 
are set to yf and uf. 

[0025] Next, model structure determination equipment 54 determines a parameter required for model 
decision, such as structure of a transfer function model, a degree of a model, and the die length of the 
dead time. Here, an ARX model and ARMAX model structure can be used for the structure of a transfer 
function. Transfer-function-model presumption equipment 55 determines a transfer function model 
using the parameter and time series data yf and uf which were determined with model structure 
determination equipment 54, such as model structure. 

[0026] The determined transfer function model is saved in the model database 8 shown in drawin g 1 , 
and it is judged whether **G<=**Gmax is satisfied with controllability ability judging equipment 5. And 
when the determined transfer function model has not satisfied **G<=**Gmax, each parameter in model 
structure determination equipment 54 is changed, and the transfer function model which fulfills 
conditions is created. Even if it changes a parameter, when the transfer function model which fulfills 
conditions cannot be created, the identification conditions in identification condition decision equipment 
50 are changed, and it redoes from a system identification trial. And the procedure mentioned above 
until the transfer function model which fulfills the above-mentioned conditions was obtained is repeated, 
and a transfer function model is reconfigurated. When the transfer function model which fills 
**G<=**Gmax is obtained, a new predetermined controlled parameter within the limits which fulfills 
control specification with the controlled parameter decision equipment 9 shown in drawin g 1 is 
determined. 

[0027] Drawing 6 shows the outline configuration of controlled parameter decision equipment 9, and, 
below, explains the decision procedure of a controlled parameter with reference to drawin g 6 . In 
addition, although various control units, such as PID-control equipment, an optimal regulator, and 
Hinfinity control unit, are usable, below, PID-control equipment is explained to the control unit 2 shown 
in drawin g 1 as an example, moreover — the typical decision approach of the controlled parameter of 
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PID-control equipment — a resolution sensitivity method and Ziegler and Nichols — there are law, a 
partial model matching technique, a frequency model matching technique to a closed-loop response, etc. 
Here, an optimal regulator with the number weight of rounds is explained using the frequency model 
matching technique made into the reference model as an example. 

[0028] Although what is necessary is just to give a suitable transfer function about the frequency weight 
of an optimal regulator, it is realizable by using the inverse system of the transfer function of a 
secondary delay system which has a passband comparable as the pretreatment filter used for 
reconstruction of a model, for example. Moreover, if the weighting factor of the performance index for 
designing an optimal regulator is set to Q, this multiplier Q will become a design parameter for designing 
an optimal regulator. The design-parameter decision equipment 60 which showed this multiplier Q to 
drawing 6 determines. 

[0029] Next, controlled parameter count equipment 61 determines the controlled parameter of PID- 
control equipment using the transfer function model of the design parameter determined with design- 
parameter decision equipment 60, and a controlled system. And rate-of-change **C of the controlled 
parameter computed with controlled parameter count equipment 61 this time and a current controlled 
parameter is calculated with controlled parameter rate-of-change count equipment 62, and it judges 
whether rate-of-change **C fulfills predetermined conditions. For example, as **C, the maximum of the 
rate of change of the proportional gain which is the controlled parameter of PID-control equipment, 
integral gain, and a rate gain can be used. Moreover, **Cmax is beforehand given as the maximum 
allowed value of rate-of-change **C, and it judges whether rate-of-change **C computed this time is 
larger than maximum allowed value **Cmax. And when judged with **C>**Cmax, it returns to design- 
parameter decision equipment 60, a multiplier Q is changed until the controlled parameter used as 
**C<=**Cmax is obtained, and a series of controlled parameter count is repeated. 
[0030] Thus, if the controlled parameter used as **C<=**Cmax is obtained, it will judge whether 
simulation using a controlled-system model and a new controlled parameter is performed, and it can 
control by control response judging equipment 63 to stability. When judged with it being controllable to 
stability, a new controlled parameter is applied to a control unit 2. Moreover, a new controlled parameter 
is sent and saved in the controlled parameter database 10 shown in drawin g 1 . When judged with on the 
other hand it being uncontrollable by the controlled parameter computed this time to stability in control 
response judging equipment 63, it returns to design-parameter decision equipment 60, and asks for a 
new controlled parameter by a series of controlled parameter count which changed and mentioned 
design-parameter Q above again. 

[0031] Next, after applying the new controlled parameter for which it asked with controlled parameter 
decision equipment 9 to a control unit 2, when it judges whether control is carried out to stability based 
on the controlled variable y and control input u of a controlled system 1 and is controlled by the 
controllability ability judging equipment 5 shown in drawin g 1 by stability, it judges whether the engine 
performance given with the control specification designating device 6 is filled. And when the engine 
performance given with this control specification designating device 6 is not being filled, a series of 
procedures mentioned above until it filled this engine performance are repeated. When a new controlled 
parameter was applied and the response of a controlled system 1 becomes unstable on the other hand, 
or when the response beyond control specification is shown, the last controlled parameter is read from 
the controlled parameter database 10, and it applies to a control unit 2, and is made to return to the 
original condition. 

[0032] As stated above, according to the controlled parameter adjusting device of this operation gestalt, 
the control state of a feedback system is judged from the input signal (control input) u and output signal 
(controlled variable) y of a controlled system 1. When the controllability ability of a system has 
separated greatly from control specification, or when an unstable control response is shown Since it is 
made to carry out by repeating renewal of the transfer function model of a controlled system, and 
modification of a controlled parameter and was made to perform precision evaluation of a transfer 
function model each time at that time until desired controllability ability was obtained When sufficient 
model precision is acquired, it is possible to omit renewal of a transfer function model and to make only 
a change of a controlled parameter, and for this reason, the count of the system identification trial 
accompanying renewal of a transfer function model can be held down to minimum. 
[0033] Moreover, since modification of the controlled parameter per time was restricted within the 
upper limit of controlled parameter rate of change, the gap with the prediction response resulting from 
the gap with a controlled system 1 and a transfer function model and an actual control response can be 
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suppressed, and where a feedback system is maintained at stability, a controlled parameter can be 
adjusted to the optimal value. 

[0034] An example, next the example of an operation gestalt mentioned above are explained with 
re f erence to drawin g 7 . This example is related with the model creation and controlled parameter 
decision at the time of using PID-control equipment as a control device 2, using an ARX model as a 
transfer function model of a controlled system 1. Here, the strange parameter of an ARX model is called 
for using the least square method so that an one-step beyond prediction error may be made into min, 
and the controlled parameter of PID-control equipment is calculated using the frequency model 
matching technique which makes an optimal regulator a reference model. First, it asks for performance- 
index [ of a degree type (1) ] J (k) using controlled-variable y (t) collected by I / O data collection 
equipment 3, control input u (t), and desired value [ of a controlled variable ] r (t). 
[0035] 
[Equation 1] 

N r "1 

J - £ (y CO -r (t) ) 2 + A (u CO ) 2 . (1) 

t = l L J 

Here, N is the number of data, and a weighting factor to which lambda is given beforehand. At this time, 
a feedback system can be considered like drawin g 7 (a). In drawin g 7 (a), a sign 70 is PID-control 
equipment and a sign 71 shows the model of the disturbance which joins a controlled variable. 
[0036] And when the performance index searched for from the data at the time of applying the newly 
called-for controlled parameter is set to J (k+1), it is determined that it is set to J(k+1) <J (k) by the 
new controlled parameter. However, since it is incalculable until a controlled parameter can be found and 
it is applied to a control unit 2, in case a controlled parameter is designed, the direct valuation of the J 
(k+1) cannot be carried out. Then, three new performance indices with which the triangle inequality of a 
degree type (2) is filled are evaluated indirectly, and it will ask for a controlled parameter. 
| JLQ-Jid-JPl|<=|J|<=|JLQ+Jid+JPl| (2) 

And in an upper type (2), if Jid and JPI are made sufficiently small, JLQ becomes equivalent to the 
performance index of a formula (1), and should just evaluate JLQ. A concrete computational procedure 
is shown below. 

[0037] It asks for the transfer function model which makes min the performance index Jid of a degree 
type (3) from controlled-variable y (t) collected by procedure 11/0 data collection equipment 3, and 
control input u (t). 
[0038] 
[Equation 2] 

j 1 * = £ j (y (t)-y P (t)) 2 +^ (u (t)-u f (t)) | (3) 



Here, yp (t) and up (t) are the controlled variables and control inputs to the transfer-function-model P 
hat for which it asked here. At this time, the feedback system which consists of a model 73 of the PID- 
control machine 70 and controlled system 1 which are expressed with drawin g 7 (c) is considered. 
[0039] Moreover, the one-step beyond forecast ypr of a controlled variable is given by the degree type 
(4). 

[0040] 
[Equation 3] 

y pf = H" l Pu Ct) 4- Cl-H" 1 ) y (t) C4) 

Here, H hat is the transfer function model 74 of the disturbance which joins a controlled variable. The 
one-step beyond prediction error defined by the difference of this ypr and an actual controlled variable 
is set to e (t). As shown in the degree type (5), when the sum of squares of D(z) e (t) which hung the 
data filter D (z) on e (t) is set to V, it can ask for the model P hat which makes V min easily with the 
least square method. 
[0041] 
[Equation 4] 
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=* £ [ D ( Z ) e (t) | 2 (5) 



Furthermore, by choosing this data filter D (z) suitably, the performance index Jid of a formula (3) and V 
of a formula (5) can be made into equivalence, and such D (z) is obtained by a degree type (6) and (7). 
[0042] 
[Equation 5] 

G (z) 

D Cz) = (6) 

A p 

l + PK f 

G (z) G*(z -1 ) -HAK P K P * (7) 

Here, KP is the discrete-time transfer function of PID-control equipment. Since the transfer-function- 
model P hat for which it asks here is contained in the denominator of D (z), D (z) cannot be calculated 
beforehand. Then, P hat contained in the denominator of D (z) in order to simplify count is made to use 
the transfer function model (for it to be defined as the P hat k-1.) for which it asked last time. 
[0043] D (z) can be chosen as mentioned above and it can ask for the model P hat which makes a 
formula (3) min by asking for P hat which makes a formula (5) min. . 

[0044] An optimal regulator is designed using the model for which it asked in the procedure 2, next the 

above-mentioned procedure 1. This design is designed so that the performance index JLQ of a degree 

type (8) may serve as min. 

[0045] 

[Equation 6] 
N 



r 

19 = S Cy C (t) -r (t) ) 2 (u C (t) ) 
t = l L 



(8) 



At this time, it designs using the system which consists of the optimal regulator 75 and the controlled- 
system model 73 which were shown in drawin g 9 (b). However, since the gap with the true controlled 
system 1 is surely included in the model for which it asked in the procedure 1, it is desirable to use the 
performance index containing frequency weight F1 and F2 like a degree type (9). 
[0046] 
[Equation 7] 



t = 1 



FjCy^O -r (t) ) 2 +AF 2 (u C (t) ) Z J (g) 



It is also possible for Ft and F2 to be given in a transfer function format, and for a designer to give them 
beforehand here, and to design a suitable filter using observation data and simulation data. The 
performance index of an upper type (9) is convertible for the format of a formula (8) by extending the 
transfer-function-model P hat of a controlled system 1 using filters F1 and F2. Since the performance 
index JLQ of a formula (8) is equal to the performance index of the usual optimal regulator, it can ask 
for the optimal regulator which makes JLQ min easily. 

[0047] It asks for the controlled parameter of PID-control equipment with a frequency model matching 
technique by making into a reference model the optimal regulator for which it asked in procedure 3 
procedure 2. At this time, it asks for a controlled parameter so that the performance index JPI given by 
the degree type (10) may be made into min. 
[0048] 
[Equation 8] 



,Pl - £ I (y f U) -y C (l)>'+A Cu P <t) -u C <t)) l l (10) 
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Here, uC and yC are a control input when using the transfer function model for which it asked in the 
procedure 2 as a controlled system, using an optimal regulator as a control device 2, and a controlled 
variable. 

[0049] If the frequency-domain expression of the performance index of an upper type (10) is carried out, 
it will become like a degree type (1 1). 
[0050] 
[Equation 9] 



J- 



PK' 



P K v 



HPK r 



1 + PK V 



l + PK r 



1 + PK V 



d (O 



<1 1) 



Furthermore, the frequency band which performs model matching is set to [w1, w2], and if the transfer 
function KP of the PID-control equipment contained in the denominator of JPI is transposed to the 
transfer function (it is defined as Kk-1P.) for which it asked last time, JPI can deform like a degree type 
(12). 
[0051] 

[Equation 10] 



»2 



J t1 



P K 



P K 



1+PK H P 



1 + PK 1 



1 + PK 1 



d CO 



(1 2> 



It can ask for the controlled parameter which makes JPI min easily with the least square method from 
the technique of frequency model matching. 

[0052] The controlled parameter obtained in procedure 4 procedure 3 is applied to a control unit 2, and 
the response of a controlled variable y and a control input u is observed. And adjustment will be ended if 
sufficient response is obtained. On the other hand, if sufficient response is not obtained, it returns to a 
procedure 1 and adjustment is continued. 
[0053] 

[Effect of the Invention] Since it was made to perform only renewal of a controlled parameter according 
to the controlled parameter adjusting device by this invention, without performing renewal of a transfer 
function model while the transfer function model used now judges whether the property of a controlled 
system is fully expressed with a controllability ability judging means and is judged in it that the precision 
of a transfer function model is enough as stated above, the count of operation of the system 
identification trial which is needed in case a transfer function model is reconstructed can be stopped to 
the minimum. 



[Translation done.] 
* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The block diagram having shown the outline of the controlled parameter acjjusting device by 
the operation gestalt of this invention. 

[Drawing 2] Drawing having shown an example of the display monitor display of the controlled-system 
supervisory equipment of the controlled parameter adjusting device by the operation gestalt of this 
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invention. 

[Drawin g 3] The block diagram having shown the outline of the controllability ability judging equipment of 
the controlled parameter adjusting device by the operation gestalt of this invention. 
[Drawing 4] The block diagram having shown the outline of the model precision judging equipment of the 
controlled parameter adjusting device by the operation gestalt of this invention. 

[ Drawin g 5] The block diagram having shown the outline of the model listing device of the controlled 
parameter adjusting device by the operation gestalt of this invention. 

[Drawin g 6] The block diagram having shown the outline of the controlled parameter decision equipment 

of the controlled parameter adjusting device by the operation gestalt of this invention. 

[ Drawin g 7] The explanatory view having shown the feedback loop used in the controlled parameter 

adjusting device by the example of the operation gestalt of this invention. 

[Drawing 8] The block diagram having shown the outline of a feedback system. 

[ Drawing 9] The explanatory view having shown the conventional auto tuning technique. 

[Description of Notations] 

1 Controlled System 

2 Control Unit 

3 1/0 Data Collection Equipment 

4 Controlled-System Supervisory Equipment 

5 Controllability Ability Judging Equipment 

6 Control Specification Designating Device 

7 Model Listing Device 

8 Model Database 

9 Controlled Parameter Decision Equipment 

10 Controlled Parameter Database 

1 1 Display Monitor 

30 Control State Judging Equipment 

31 Model Precision Judging Equipment 

50 Identification Condition Decision Equipment 

51 Identification Signal Generation Equipment 

52 Identification Signal Impression Equipment 

53 Identification Data Collection and Processing Equipment 

54 Model Structure Determination Equipment 

55 Transfer-Function-Model Presumption Equipment 

60 Design-Parameter Decision Equipment 

61 Controlled Parameter Count Equipment 

62 Controlled Parameter Rate-of-Change Count Equipment 

63 Control Response Judging Equipment 



[Translation done.] 
* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[D rawin g 1] 
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[Drawing 2] 
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